A detailed two-component LDV mapping of the flow through a controlled diffusion compressor cascade at low Mach number (-0.25) and Reynolds number of about 7x10 5 , at three inlet air angles from design to near stall, is reported. It was found that the sucLioa side boundary layer reattached turbulent after a laminar separation bubble, and remained attached to the trailing edge even at the highest incidence, at which losses were 3 to 4 times the minimum value for the geometry. Boundary layer thickness increased to fill 20% of the blade passage at the highest incidence.
stall, is reported. It was found that the sucLioa side boundary layer reattached turbulent after a laminar separation bubble, and remained attached to the trailing edge even at the highest incidence, at which losses were 3 to 4 times the minimum value for the geometry. Boundary layer thickness increased to fill 20% of the blade passage at the highest incidence.
Results for pressure-side boundary layer and near -wake are also summarized. Information sufficient to allow preliminary assessment of viscous codes is tabulated. NOMENCLATURE AVDR -axial-velocity-density ratio c -blade chord (12.73 cm) C p -pressure coefficient C' -cascade (axial) chord (12.33 cm) C -constant (for fixed cascade geometry) df -fringe spacing d -distance normal to the blade surface H -shape factor (displacement/momentum thickness) K -beam half-angle L -focal length N -Mach number P -pressure Re -Reynolds number s -blade spacing (7.62 cm) T -temperature u -velocity component parallel to blade surface U^ -velocity component parallel to blade surface at the edge of the viscous layer v -velocity component normal to blade surface V -velocity x,X -horizontal displacement (defined in Fig. 3 ) X -blade coordinate (defined in Fig. 13 ) y,Y -vertical displacement (defined in Fig. 3 [Sanger (1983) , Hobbs and Weingold (1984) and Dunker et al. (1984) , for example] have reported methods for designing "controlled-diffusion (CD)" blading. The approach ie to use an inviscid flow computation (in either the direct or indirect mode) to arrive at a blade shape over the surface of which the adverse pressure distribution is such that the computed boundary layer remains attached. Experimental results have clearly demonstrated [Hobbs and Weingold (1984) , Dunker et al. (1984) , Sanger and Shreeve (1986) ] that the design technique works, but have also shown that the CD blade shapes can sustain a wider range of stall-free incidence than can Double Circular Arc (DCA) blade shapes designed for the equivalent design point conditions. Since stall-margin is extremely important in the design of military aircraft gas turbine engines, it is fundamentally important to be able to predict the off-design and stalling behavior of CD blading during the compressor design process. Thus, efficient computational methods are required which correctly describe flows containing viscous effects such as are shown in Fig. 1 . Figure 1 illustrates schematically features which may or may not all he present within a given blading at a given inlet air condition.
However, whether or not there exists a leading edge separation "bubble", and where (and over what length) transition occurs in the boundary layer, will determine whether (or where) separation will occur in the adverse pressure gradient on the suction side of the blade. For a computer code to predict correctly the off-design losses and onset of stall of a given blading, the code must incorporate the ability to predict and describe separation bubbles and the process of transition. The Purpose of the present investigation was to obtain data with which to assess the ability of emerging codes to predict the offdesign behavior of (particularly) CD blading.
The work follows the earlier investigation of Sanger and Shreeve (1986) wherein the design and experimental evaluation of a particular CD stator cascade was reported. The reported experimental results included probe surveys to obtain loss coefficients, blade surface pressure distributions and blade surface flow observations using the china-clay technique, at seven incidence angles over the useful range of the blading. Guided by the previous results, in the present study, a two-component Laser-Doppler Velocimeter (LDV) system was used to obtain a detailed mapping of the flow throughout the blading at design Figure 13 ) Static Presaum 1.00 ATM and two higher incidence angles toward stall. Measurements were obtained of the outer (inviscid) flow through the blade passage, the suction-and pressure-side viscous layer growth, and the initial wake development. In the present paper, the experiment itself is described and results for the suction-side viscous behavior (which provide the most critical test of a computational description) are presented and discussed. Other results are briefly reviewed. Sufficient information is given in tables to enable a preliminary code assessment to be made by application to the geometry of the experiment. A complete account of the experiment and the results was given by Elazar (1988) . The subsonic cascade wind tunnel at the Naval Postgraduate School was used in the present study. The configuration of the wind tunnel, the test cascade and operating instrumentation was the same as was reported by Sanger and Shreeve (1986) . The geometry of the test section is shown in Fig. 2 . A 0.64 cm Plexiglas window was located in the removable tunnel front sidewall in the position shown. Adjustment of the inlet_air angle ((31) required adjustment of the lower end wall ((3 ), upper end wall (g WU ) and inlet guide vanes. The test cascade, with individual blades cantilevered from a mounting plate attached to the fixed rear side wall, moved horizontally as the end walls were adjusted. To facilitate LDV measurements close to blade surfaces, two of the machined aluminum blades were polished and two were black-anodized. The black-anodized blades gave the best results and were installed as blades 7 and 8 from the left end. The surface texture, after anodizing, was estimated to be better than 1.5 microns. All measurements, at each inlet air angle, were made using the passage formed Letw:cj }Lid: 7 _._ i. 'i'he ca>;cade colitained a total of 20 blades with a span of 25.4 cms across a test section measuring 1.524 m (from left to right in Fig.  2 ). Forty pressure taps were provided in blade 10 and six in blade 11.
BLADE CASCADE GEOMETRY
The CD blade geometry, parameters for the cascade, and the nominal test conditions for the experiment, are given in Table 1 . The coordinates of the cascade passage, shown in Fig. 3 , can be derived using the blade coordinates (Table 1 ) and the setting angle (14.2 0 ), Passage coordinates were explicitly tabulated by Elazar (1988) . Figure 3 shows the measuring stations (1-19) where LDV surveys were made across the passage, and where boundary layer surveys (made normal to the blade surface) intersected the blade surfaces.
As shown in Fig. 3 , the passage coordinate system was defined with the center of radius of the trailing edge of the 7th blade as origin.
LASER VELOCIMETER SYSTEM ics and Data Acquisition
A four-beam, two color TSI Model 9100-7 LDV system was used.
The system operated in the backscatter mode.
Characteristics of the system are given in Table 2 .
The components of the system are shown in Fig. 4 .
The laser was a Lexel, 4-watt argon-ion laser.
A prism and mirror system separated the two colors from which two beams of each color were generated, equidistant from an optical axis. The beams, and fringe pattern in the measurement volume, were arranged vertical/horizontal or at 45 0 , depending on the location of the measurement. Two Bragg cells shifted the frequency of one beam in each pair to allow measurements in regions of reversed flow. After the beam expander, the final lens produced a focal measurement volume near the mid-span center plane of the wind tunnel test section, 762 mm from the lens. Two photo-detectors collected light scattered by particles passing the measurement volume via the same optics. Two TSI Model 1990 counter-type signal processors received the output from the photo-detectors and produced digital voltages proportional to the Doppler frequencies of detected events. These data were transferred via an interface to a Hewlett-Packard Model HP 1000 computer operating with the TSI data acquisition software program DRP3. Frequency Shifter (blue)
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K, L and a were given by the manufacturer.
Fringe spacing (df) was calculated following Durst at al. (1976) as df = a/sin K. The particle velocity uncertainty (AV/V) was calculated using:
*^r where At = instrument clock uncertainty (1 nanosec), and t = 8df/V = time to cross eight fringes. Since the particles do not follow the flow precisely, the uncertainty in the velocity can be larger than the uncertainty in the particle velocity. The uncertainty T in positioning the measuring volume on the blade surface, which gave an equal uncertainty in the displacement of the measurement from the surface in boundary layer surveys, was shown by experiment to be less than 0.05 mm.
The laser and optics, mounted on an optical bench, were supported on the bed of a large milling machine installed on the laboratory floor next to the wind tunnel.
A view of the installation is given in Fig.  5 .
The mill was aligned and levelled such that the manual x, y, z traverse motions of the mill table moved the measurement volume of the LDV system horizontally (blade-to-blade), vertically (normal to the leading-edge locus) and fore-and-aft spanwise respectively. While the traverse was actuated manually, the x and y coordinates were indicated on digital electronic read-outs which were hand recorded. The optical bench could also be yawed to direct the optical axis +3.5 0 with respect to the spanwise direction.
Seeding
Olive oil droplets were used. The particle generator incorporated a TS1 Model 9302 atomizer driven from a shop-air supply. Oil droplets carried by the controlled air pressure were injected via a 6.4 mm wand through the plenum of the wind tunnel below the inlet guide vanes (Fig. 2) . Seeding only near the center-plane of the flow beneath the correct pair of guide vanes resulted in a distribution of seed material across the 7th-8th blade space with no contamination of the window, and no detectable disturbance to the inlet flow. Preliminary tests were conducted to optimize the seed particle distribution. An air pressure of 40 psi was selected to obtain an average particle size of 0.9 microns with standard deviation 0.45 microns.
At this setting, 951 of the particles were smaller than 1.8 microns.
These characteristics were considered to be satisfactory by the criteria proposed by Durst et al. (1976) or Dring (1982) . Positioning A special jig, described by Elazar (1988) , was manufactured which attached to the trailing edges of blades 7 and 8 at mid span.
The jig contained six holes, each 0.033 mm in diameter, on which the measurement volume could be targeted.
When the measurement volume was on target, the four beams were clearly visible on the hack wall of the test section, and x, y coordinates of the measurement point were then known to the accuracy of the jig.
Measurement Uncertainty
The estimated measurement uncertainties arl also given in Table 2 . The uncertainties in the parameters EXPERIMENTAL PROCEDURE Program Overview A preliminary experiment was conducted in which the test blading was removed from the test section and the inlet and outlet end walls were set straight at l=40°. A flat plate was installed in the center of the test section and the boundary layer development on the flat plate was measured to verify all aspects of the LDV measurements. Good agreement of the velocity profiles with the Blasius solution was obtained where the boundary layer was laminar, and agreement with other published measurements was seen where the boundary layer was turbulent (Elazar, 1988 ). The CD blading was then installed and detailed measurements were obtained in turn at inlet air angles 6 1 =40 0 (the design condition), 8 1 =43.4 0 (about twice minimum loss) and 11=46 0 (near to stall) as determined by Sanger and Shreeve (1986) . At each inlet air angle, measurements were made to map specific regions of the flow, namely; the inlet flow field 0.3 chords upstream of the blade leading edge (Station 1 in Fig. 3) ; the passage between the 7th and 8th blades (Stations 2-15 in Fig.  3) ; the boundary layers on the suction and pressure sides of the 7th blade (nominally Stations 3-15 in Fig. 3 ) and the wake downstream of the 7th blade (Stations 16-19 in Fig. 3 ). At each inset air a^igle, the inlet and outlet walls and inlet guide vanes were adjusted to obtain near-uniform wall static pressure (in the blade-to-blade direction) both upstream and downstream of the test cascade (Sanger and Shreeve, 1986) . The blade-to-blade flow angle distribution was measured by surveys with a United Sensor 'lodel DA-125 probe at 1.8 blade chords upstream, and by the LDV system at 0.3 chords upstream. The probe measurements provided verification of the inlet flow conditions which were surveyed extensively in earlier studies by 11cGuire (1983), Koyuncu (1984) and Dreon (1986) .
Probe results, spanning four blade passages at design inlet air angle, were reported by Sanger and Shreeve (1986) . LDV survey results, 0.3 chord lengths upstream of the passage between blades 7 and 8, (as far as the window would allow) are shown in Fig. 6 . Optical System Alignment. Proper bean crossing and fringe patterns were verified at intervals while mapping the flow at a fixed air. angle. A complete optical system alignment was carried out for each inlet air angle. It was preferred to orient the crossing pairs of beams at about 45 0 to the flow velocity vector. Thus at the lower stations (1-5 in Fig. 3 ) the pairs of beams were oriented vertical/ horizontal whereas at stations 6-19, the pairs were rotated through 45°. The inlet flow and lower passage were surveyed without Bragg cells installed. The Bragg cells were installed and frequency shifting was used at all other stations.
Traverse Positioning. For inlet, passage and wake surveys, the alignment jig was attached to blades 7 and 8 and the table was adjusted to target the measurement volume on a specific target hole. When the pattern of four beams was clearly and evenly visible on the back wall of the test section, the x, y coordinates of the target hole were entered into the digital electronic readouts. The readouts then indicated the displacement of the measuring volume in the x, y coordinate system whose origin lay at the center of curvator , 1 of the trailing edge of the 7th blade.
For boundary layer surveys, first the optical table was yawed +3.5 0 horizontally with respect to the table of the milling machine. The measuring volume was positioned at the required level (Y displacement), using the alignment jig. The measuring volume was then traversed horizontally (X displacement) until the four beams crossed on the blade surface. The crossing was observed by eye and an uncertainty of less than 0.05 mm was achieved with ease. The digital readouts were set to zero. The x and y coordinates for displacements normal to the wall were calculated from the local surface slope.
Survey Procedures at Each Air Angle
Inlet Flow and Tunnel Reference Conditions. An LDV survey was made at station 1 (Fig. 3) . The results at each inlet air angle are shown in Fig. 6 . Despite the proximity of the survey to the blades, the velocity and flow angle were found to be uniform to within ± 1% and ± •75 0 respectively. In Fig. 6 , the local velocity (V) is shown normalized to a reference velocity (Vref) obtained from tunnel reference parameters at the time of recording the measurement. Such referencing removes the effects of temporal variations in wind tunnel supply and ambient atmospheric conditions. It can be shown, using Appendix C of Elazar (1988) that for small variations in supply and ambient atmospheric conditions, V1 = C T to (P to P a )/P a
where C is a constant for a fixed test geometry (inlet air angle). The value of C at each air angle was calculated as the average value of V1/ Tto(Pto-Pa)/Pa for the points is she inlet Iioow survey. All velocities measured thereafter were normalized with respect to the inlet flow reference velocity (Vref), calculated using Eq. (1) with the tunnel and ambient conditinn,: .,r L ti p?, of the measurement.
Passage, Boundary Layer and Wake Surveys. Passage velocities were measured at approximately 30 locations across each of the 14 stations (Fig. 3) from the leading to the trailing edge. Boundary layer surveys were made at predetermined intervals locally normal to the blade surface, beginning at station 15 in Fig. 3 (in line with the center of curvature) and at each station toward the leading edge until the boundary became too thin to measure accurately. Both pressure and suction surfaces of the 7th blade were measured. Wake surveys were made at four stations downstream of the 7th blade (stations 16-19 in Fig. 3 ).
Verification of Periodicity and Two-Dimensionality In view of the unusually large number of test blades (20), periodicity between adjacent blade passages was to be expected and had been demonstrated for the central passages in earlier studies (Sanger and Shreeve, 1986) .
Periodicity was verified in the present study by making LDV surveys downstream of the 7th and 8th blades. The blade wakes were indistinguishable from each other (Elazar, 1988) . Two-dimensionality was also examined since the wind tunnel was not equipped with wall suction. Previous studies (Sanger and Shreeve, 1988) had shown that conditions far downstream of the blade trailing edges were independent of spanwise displacement for ± 5 cm from mid-span.
However, conditions within the blade passage could not be examined at that time.
In the present study, LDV surveys were made in the wakes and through the boundary layers at the trailing edge of the 7th blade at mid-span and at ± 2.54 cm from mid-span. Wake and suction surface boundary layer results are shown in Fig. 7 . The LDV data were acquired using program DRP3 on the HP 1000 computer, stored on floppy disks and transferred to the mainframe IBM 370-3033 for processing. Tunnel reference measurements were recorded and entered manually. Separate computer programs were written to reduce, tabulate and plot results from passage, boundary layer and wake surveys. Blade surface pressure measurements, acquired and recorded using the HP 9845 controller, were also transferred to the mainframe for processing.
RESULTS AND DISCUSSION

Inlet Flow
The inlet flow measurements are shown in Fig. 6 . At each inlet air angle, the inlet velocity (Vref) was set to approximately 85 m/sec (Mach number = 0.25). The measured free-stream turbulence level, the result of the many inlet guide vanes (59) far upstream, was 1.4 t 0.21 at all conditions. The average flow angle measured using the LDV system 0.3 chord lengths ahead of the blading, (Fig. 6 ) was consistent with measurements made using a pneumatic probe 1.8 chord lengths upstream, namely 40.0, 43.4 and 46.0 degrees. At the upstream station, the flow angle varied less than 0.1 degree across one blade space. From blade-to-blade surveys at 14 stations, from the leading to trailing edge, the streamline paths through the passage were calculated by integrating the volume flow rate. Similarly, the local volume flow to the inlet volume flow for one passage gave the distribution of the AVDR assuming negligible effect of compressibility. It was found (Elazar, 1988) that no sudden changes occurred in the geometry of the streamlines as the incidence was increased. Rather, a progressive shift occurred away from the suction side of the passage. This orderly change in behavior is evident in Fig. 8 , which shows the velocity and flow angle variations at the entrance (station 2) and exit (station 15) of the passage. The distribution of the AVDR from the reference inlet station to downstream of the blading, is shown for the three inlet air angles in Fig. 9 . The magnitude of the variation (to a maximum value of 1.05 just downstream of the blade) was consistent with previous results (Sanger and Shreeve, 1986) which gave overall values of 1.04-1.06 based on probe survey measurements well downstream (1.7 chords lengths) and well upstream (1.8 chords lengths) of the blading. Based on the results in Fig. 9 , a linear variation of the AVDR from 30% chord upstream through the blade passage should be use.; for code asess-i0t. 
Fig. 9 Measured Variation in AVDR
Also derived from the passage surveys was the velocity at the edge of the viscous layer as the suction and pressure surfaces were approached. The results are shown in Fig. 10 .
The edge velocity was taken either as the maximum value of the velocity (where gradients were large and the boundary layer was thin, on the suction side near the leading edge for example) or as the velocity where the turbulence level departed from its free stream value (where gradients were small and the boundary layer was well defined, on the pressure side near the trailing edge, for example). The curves in Fig. 10 are shown without data points for clarity in comparing results at increasing incidence. Figure 11 shows for comparison the edge velocity derived from measurements of surface pressure, with the assumption that pressure was constant through the viscous layer and that the flow was incompressible; namely, Ur/Vref-1-Cp Fig. 12 Measured and Calculated Surface Pressure Distributions the incidence was increased, notably on the suction side of the blade. In particular, the surface pressures indicated higher peak velocities than were measured using the LDV system. Since a large transverse component of acceleration would he present locally, the ability of the seed particles to track the streamlines must be questioned. However, it is also noted that the first computations by Shamroth using a Navier-Stokes code applied to the specified geometry and test conditions (Shamroth, 1987) also did not predict the peak suction pressures which were measured pneumatically. As shown in Fig. 12 however, excellent agreement was obtained between the predicted and measured pressures at all incidence angles, except near the suction surface leading edge. Earlier comparisons of measured pressures with inviscid code calculations (Sanger and Shreeve, 1986) had shown disagreement toward the trailing edge, but had tended to confirm the extreme suction peaks.
Suction S ide Boundary Layer
Illustrative examples of the results of detailed boundary layer surveys are shown in Fig. 13 .
Equivalent results to those shown for 31=46o were obtained at 31=40 o and 3 1 =43.4°. The figure shows results for the velocity components normal (v) and parallel (u) to the surface, and the turbulence level.
The presence of a separation bubble, detec Led earlier using the china-clay technique (Sanger and Shreeve, 1986 ) was confirmed by the LDV measurements. However, no information on the flow within the separation bubble was obtained since no particles were detected within the region. The absence of data near to the wall in surveys at stations 3 and 4 in Fig. 13 was the result of detecting no observable events. It can be seen at station 3 that the particles were found only in the outer part of the shear layer over the bubble, consistent with the earlier suggestion that they might not follow the rapid acceleration around the leading edge of the blade. The presence of a negative component of velocity normal to the surface was consistent with the flow tending toward reattachment downstream of the bubble. If the absence of negative components of velocity normal to the wall was taken to indicate the completion of reattachment, this point moved front about 15% to 30% to 40% of chord as the air inlet angle was increased from 40 1 to 43.4 0 to 46 0 respectively. Downstream of the completion of reattachment, the normal component of velocity was negligibly small. The peak turbulence level in the shear layer over the bubble reached over 16%, decreased during reattachitrent and became steady at 3-9% in the boundary layer to the trailing edge.
It was noted that the maximum turbulence level moved gradually away from the wall during reattachment to be at about 45% of the boundary thickness at the trailing edge. Qualitatively similar trends to those illustrated in Fig. 13 were found in the results at 1 1 =40° and 11=43.4°. Thus the effect of increasing incidence was to progressively delay reattachment from the separation bubble, and to generate a progressively thicker viscous layer. However, the viscous layer remained attached all the way to the trailing edge even at the largest inlet air angle. It is probable that the appearance of separation occurring just ahead of the trailing edge when using the china-clay technique (Sanger and Shreeve, 1986) was the result of gravitational effects on the oil mixture with which the surface was wetted, in a region of low dynamic pressures. (Baydar, 1988) . Excellent agreement between hot-wire and LDV was obtained.
It is also noted that whereas regions of instantaneous backflow were measured in the near wake using the LDV, and a time averaged backflow was recorded at station 16 at S=40 0 , no backflow was detected at station 15 at all three inlet air angles.
The growths in the boundary layer thickness and displacement thickness, and the distribution of the shape factor on the suction side of the blade are shown in Fig. 14 . The thickness was defined as the point at which the velocity component parallel to the surface reached 99% of the edge velocity. The displacement thickness was calculated by integration to where the edge velocity occurred. Downstream of the bubble, the layer was seen to grow steadily. Each increment in flow incidence gave approximately equal increments in boundary layer growth. At the highest incidence, the suction side boundary layer occupied more than 20% of the blade passage at the trailing edge. At each incidence the shape factor reached a mininum after reattachment and then increased to the trailing edge. The results at the design angle were different than those at the higher incidence angles, and gave larger values (closer to separation!) near the trailing edge.
The largest value reached was 2.25 at station 13, 10% of chord ahead of the trailing edge. At each angle, the shape factor decreased slightly from this point aft, to the trailing edge. The differences between design and off-design incidence angles suggests a non-linear behavior near the leading edge of the blade. This is supported by the measurements of the edge velocity shown in Fig.  10 . Results for the integral properties at each axial measurement station are given in Table 3 . Pz';-spire Side Boundary Layer Similar data were obtained for the pressure side boundary layer velocity and turbulence profiles, thickness and integral properties.
The velocity and turbulence profiles (Elazar, 1988) indicated that the pressure side boundary layer began laminar and became turbulent through natural transition. The pressure side layer was much thinner, resulting in fractionally larger uncertainties in the derived integral thicknesses. Results for the integral properties are given in Table 3 . (Data are included at three other stations between 6 and 9). The boundary layer thickness, displacement thickness and shape factor are shown plotted in Fig. 15 . Again, a qualitative difference was noted in the results for the boundary layer shape at design incidence, although the overall thickness was not measurably different at the three angles. In contrast to the suction side, the shape factor increased toward the trailing edge over the final 5% of chord. This, and the behavior observed on the suction side near the trailing edge, was likely to be the upstream influence of the base and near wake flow resulting from trailing edge bluntness.
Near Wake
The near wake was found to be asymmetric in both time mean and turbulence properties. Consistent with the observation that the suction surface boundary layer remained attached as incidence was increased, was the observation that the region of backflow in the wake decreased in size as the incidence was increased.
Wake velocity and turbulence measurements were confirmed by Baydar (1988) , using hot-wires, and velocity Fig. 14 Suction-Side Boundary Laver Growth profiles compared well witil multi-sensor pressur^_ probe measurements by Dreon (1986) . Initial attempts to derive loss coefficients using only data obtained curing LDV traverses of the near wake were not useful. An assumption had to be raade either for the pressure to use in computing stagnation conditions, (the pressure was not measured where traverses were made), or for the average angle to use in Lieblien's incompres>- 50 00
in. 15 Pressure-Side Boundary Layer Growth e qlari"r, (5c :°.. (,-Joi,-">; and 3ull^ock, 1965). -In either case the magnitude of the uncertainties was comparable to the value of the loss. Thus the LDV measurements were consistent with earlier probe ieasurements of losses (Sanger and Shreeve, 1986 and Dreon, 1986 ) but were such less certain in ;irT [lit ilde.
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Pressure Surfac e Ya &/Oxl00 Lo0-/a)5106 0/c)x100 A0Je)a100 11 An 0 /e)z100 A05k)s104 9/c)x100 40/c)x100 H on The suction side boundary layer increased in thickness in approximately equal increments to [ill 20%, of the blade passage at the highest air angle, at which losses were measured to be 3-4 times their minimum value for the cascade (Sanger and Shreeve, 1986) . On the suction side of the blade there was a laminar separation bubble with turbulent reattachment moving downstream as the air angle increased. On the pressure side, there was natural transition and little change in growth as the air angle increased. In view of the completeness of the flow mapping, with passage surveys at 19 stations and boundary layer surveys at 12 stations along two blade surfaces, the data are well suited for viscous code assessment and calibration. The present results, obtained with a CD cascade having no separation present downstream of the bubble on the suction side, are considered complimentary as a test case with earlier results for more highly loaded DCA blading with some separation present Zierke, 1987 and 1988) . 
